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Introduction

The made of action of the chemical-acting lame suppression agents such as the halons is
generally, though not universally, accepted. The details of the several reactions involved in
chemical suppression have been studied by many groups using experimental and computational
techniques'. In this paper we report on the caleulation of formation enthalpies for a numbar of
halocarbons used, or proposed for use, in flame suppression. Additional calculations have
been completed on the radical species and transition states that are important in describing key
reactions of flame suppressants. Thesc data are being used to calculate kinetic rats constants

that will be used to improve the detailed description of flame extinguishment. Comparisons of
computational and experimental results are given.

Calculations and Results

Ab initio calculations were performed using thc Gaussian 92 and 94 codes on Cray X-MP,
Cray Y-MP, Cray C90, Convex C3820, SUN-Sparc, HP-PARisk, and SGI Power-Challenge
computers23. Table 1 lists the 69 reactions for which calculations have been completed or are
in progress. Some results of these calculations are given below.

Cnthalpies of formation for fluoromethanes* and chlorofluoromethanes3, using a variety of ab
initio methods have heen reported. Comparisons between results using the G2, G2(MP2) and
CBS-Q methods reveal that all exhibit systematic errors dependent on the number of halogens
in the molecule. Figurs 1 shows the deviations from experiment for chloromethanes,
fluoromethanes, and chlorofluoromethanes. The errory are easily correcled using isodesrnic
reactions Lo provide resully tral compare (avorably with experiment. An equivalent process,
first employed in the BAC-MP4 method, is the employment of bond additivity corrections
(BACs), which also give results in good agreement with experiment. Figure 2 shows the
results comrecled using BACs, with the BAC-MP4° results shown for compurison.
Calculations on fluoroethanes also reveal systematic errors as shown in Figure 3. The use of
BACs has again been found to correct all results, generally to within experimental error. The
corrected formation enthalpies for the three methads used in this study and the BAC-MP4
results are shown in Figure 4.



The ultimate reason for calculation of the formation enthalpics, und the energies of various
Lrans1ton States, is 1o provide reliable rate equations for reuctions for which experimental data
are not available. Reactions of species such as hydrogen and hydroxy! radicals with
halocarbon molecules have been experimentally studied und they are being used to cvaluae the
accuracy of computationally derived rule constants. As an example, the reaction of the
hydroxy! radical with the hydrochorofluorocarbon, HCEC 124,

CHFCI-CF3 + HOe® -=---- > «CFCI-CF3 + H20

has been thoroughly modeled. As shown in Figure 5, there is a small activation barricr (3.4
kJ/mol) at the G2(MP2) leve! of theory. Figure 6 shows the same activation barrier with the
potential energy surface calculated as a function of the dihedral angles Lhat define the positions
of the CF3 rotor and the Q-H group.

Rate constants for the forward and reverse reactions are being calculated using canonical
variational transition state theory with zero-curvature tunncling as implemented in POLYRATE.
In addition to the the energics, moments of inertia and vibrational frequencies for reactants,
products, and transition states were obtained from the ab initio calculations. The results of
these calculations are given in [igure 7. It is noted that such excellent agreement with
experiment is not guaranteed. Thus, an active part of our research is defining the minimum
size of the basis set and the level of electron correlation necessary for reliable results. It has
been found that low energy vibrational frequencics are a signilicant source of error, so atlenton
is being given to maximize the reliability of those calculations, Additional corections
necessary to provide the requisite level of [idelily (o experiment are also being explored.

The reactions of vther HCFCs with OH radicals have also been studied, as have various
reactions of FCs, HFCs, and bromo- and iodo-mecthancs. Following are results of some of the
studics.

The pyrolysis of CH,X results in a dehydrohalogenation reaction ta give methene and
hydrogen halide in the cases where X = F and Cl. When X =1, un elimipation reaction
yields the methyl radical plus the iodine atom. When X = Br, the elimination reaction also
appears to be favored. The reaction of iodomethane with the hydrogen atom was found to
prefer the abstraction of HI, rather than the removal of H,, in agreement with experiment. (See
Figure 8) The reaction of oxygen atoms with CH,[ resulting in the formation of OI was found
1o occur without a barrier, other than the exothermicity of the reaction. ‘This reaction, too,
showed good agreement with experimental results.

The reaction of hydrogen atoms with fluoromethanes has been studied in some detail.
Computational results have shown that the dominant reaction pathway is the abstraction of
hydrogen, rather than the thermodynarnically preferred abstration of fluorine to form hydrogen
fluoride. The reaction with CF, can proceed only via the slow abstraction of fluorine, 5o it Is
not expected to be an important species in flame suppression. That is, it is expected to
contribute primarily as a physical flame suppressant. Details of this work will be published
shortly.

Conclusion
Thermodynamic descriptors of a large numbcer of reactions have been calculated using muitiple

ab initio protocols. Although some variation between the protocols is obscrved, it has been
shown that the results are gencrally in excecellent agreement with cxperiment. The rate constants



calculated (rom the ab initio results show an equally good agreement with experimental results,
where available. Conclusions regarding preferred reaction palliways and products drawn from
this work have suggcsted some differences from expected results and indicate the need for
additional cxperimental confirmation.
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Table 1: Reactions of halocarbons being investigated by computational methods.

Reaction Type CFC Reactants
H abstraction by H [ CH,, CH,F, CHgF,, CHF,
(RH +Hs =Re+Hy) CH;Cl, CH,Cl,, CHCl4
CH,l
Halogen abstraction by H | CHiF, CH,F;, CHF3, CF,
(RX +Hs =R+ HX) CHyCl
CH4l

H substituton
RX +He »RH+X9)

CH,F, CH,kt, CHF3, CF,
HCl

H abstraction by OH
(RH +OHs = Rs + HzO)

CH,, CH3F, CH,F,, CHF3, HF

CH,Cl, CH,Cl,, CHCl;, HCI

CHF,Cl, CHFCl,

CH,I

CH;CH,C1(C, & Cy), CH,CICH,Cl

CHgCFzCL CH;CFCl,, CH,CICFCl, CHQ,C]CF3. CHCl,CF;, CHFCICF:;

H abstraction by O
(RH + Q% = Re + OH»)

CH,, CHsE, CHyFy
CH,4Cl, HC!
CH.I

HX eliminaton

CH;F, CHze', CHFE,

(RHX ~ RY + HX) CH;Br, CH;l
CH3CHZ2F, CH,FO, CH,CIO
H abstraction by a halogen | Cl: CH,, CHF,, CH,Cl, HyOy
(RH + X» = Re + HX) F: Hy0,
I abstraction by OH » CHgl, CFsI
(RX + OHe = Re + HOX)
H ahstraction by CH, CF,, CH;Ct
RH + CH3' = Rs + CHy)
Miscellaneous Abstraction | CH3Cl + HO4e = CH;Cls + H02
Reactions

ClOe + Ot = Cle + O,
HCl+ O = Cls + OH»
HCl + Cls — Cl, + He

Miscelianeous Elimination
Reuctions

CH,CIOe = CH,0 + Cls
CH,CI0s ~ CHCIO + Ho







F!igure 1. Deviation from Experiment of Formation
~ Enthalpies for Various Halomethanes.
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Figure 2: Deviation from Experiment of Corrected

Formation Enthalpies for Various Halomethanes.
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Figure 3: Deviation from Experiment of Formation
Enthalpies for Fluoroethanes.
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Figure 4: Deviation from Experiment of Corrected
Formation Enthalpies for Fluoroethanes.
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